Objectives. To compare two population-based birth cohorts to assess trends in infant mortality rates and the distribution of relevant risk factors, and how these changed after an 11-year period.
in Southern Brazil were visited daily, and all 5 914 and 5 249 live-born infants, respectively, were enrolled in a cohort study and followed up prospectively. Several variables were recorded during an interview with the mother and through examination of the newborn. These included socioeconomic (family income) and demographic variables (infant sex, maternal age and skin color), parity, pregestational weight (in kg), maternal height (in cm), maternal weight gain (in kg), smoking during pregnancy (a dichotomous variable independent of the number of cigarettes smoked), birth interval (in months), gestational age (calculated from the reported date of the last menstrual period), intrauterine growth retardation (IUGR) according to the 10th percentile of the Williams curve (9), birthweight (in grams) and type of delivery (normal or cesarean).
Mortality surveillance included regular visits to all hospitals, cemeteries and death registries in the city. Information on the cause of death was obtained from pediatricians, case notes, autopsies and home visits. From interviews with the doctors and parents of these children, a full history of the events preceding death was obtained with the help of a questionnaire based on the Inter-American Investigation of Mortality in Childhood (1) . Two independent pediatricians were responsible for determining the cause of death, and in case of discordance, a third referee was asked to help the team reach a final decision.
The infant mortality rate was expressed per 1 000 live births, and unadjusted associations with risk factors were assessed with chi-squared tests for heterogeneity and linear trend. The multivariate analysis (logistic regression) was based on a conceptual framework of the hierarchy between determinants of infant mortality, according to the method proposed by Victora et al. (10) . The first hierarchical level included infant sex, maternal skin color, and family income. The second level included characteristics of the mother around the time of conception, including age, height, pregestational weight, parity and birth interval; and the third level included characteristics of the pregnancy (maternal weight gain and smoking). The effect of maternal weight gain during pregnancy on the risk of infant mortality was also adjusted for gestational age because potential weight gain may have been reduced in cases of preterm delivery. The fourth level included gestational age and IUGR. The most proximate level comprised birthweight and type of delivery. Variables with a P value < 0.20 remained in the model as potential confounders. These analyses were carried out separately for each cohort.
A pooled database including a categorical variable to identify the cohort was also used. These analyses allowed us to investigate how much of the change in mortality could be attributed to changes in risk factors during the study period. Etiologic fractions for selected factors that influence the risk of infant mortality were calculated by estimating the proportion of deaths that would have been prevented if all children belonged to the lowest-risk category of the exposure variables.
Detailed information on the methodology for both cohorts is available elsewhere (11) . Both studies were approved by the local Ethical Committee, and informed consent was obtained.
RESULTS
Nonresponse rates during recruitment were below 1% in both cohorts. Table 1 describes the two cohorts in terms of infant and maternal characteristics. There were increases in 1993 in the percentages of girls, and in the percentages of infants born to nonwhite mothers, high-income families, teenage mothers, high-parity women and to mothers with a weight gain during pregnancy under 8 kg. On the other hand, smoking during pregnancy and birth intervals < 24 months were less frequent in 1993 than in 1982. Table 2 presents crude infant mortality rates for the subgroups of the proposed risk factors. Boys presented a significantly higher risk of infant mortality than girls in 1993, but not in 1982. Nonwhite skin color was associated with a greater risk of infant mortality in both cohorts, as was lower family income. Children born to adolescent mothers were more likely to die in the 1982 cohort, whereas in the 1993 cohort, children born to older mothers were at higher risk. Low maternal weight and height were risk factors for infant mortality in both cohorts. Maternal parity equal to or above four was related to an increased risk of infant mortality in both studies. The higher the maternal weight gain during pregnancy, the lower the risk of infant mortality. Maternal smoking was not associated with infant mortality in the crude analyses. A birth interval shorter than 24 months was associated with a higher risk of infant mortality in the 1982 cohort, but not in 1993. Birthweight showed a strong negative association with the risk of infant mortality, as did gestational age. Intrauterine growth restriction was associated with a higher risk of infant mortality in both cohorts, although the type of delivery showed no such association.
The last column in Table 2 shows the percent reduction in infant mortality within each category of risk factor. In 1993 there were reductions in all groups except for infants born to mothers aged 35 years and over (a 2% increase) and to women who gained 15 kg or more during pregnancy (an 81% increase; results based on 10 deaths in 1982 and 21 deaths in 1993). The crude overall decline in the infant mortality rate between 1982 and 1993 was 41%. Table 3 presents odds ratios for infant mortality in the multivariate analyses. Most of the results of the crude analyses were confirmed. For the 1982 cohort, the following variables remained significant: family income, pregestational weight, parity, birth interval, maternal weight gain, gestational age, IUGR and birthweight. In 1993, the significant variables were sex, maternal skin color, family income, maternal age, parity, gestational age, IUGR and birthweight. Table 4 presents etiologic fractions of selected risk factors for infant mortality. In both cohorts, family income was the variable with the highest value: had all children been born to the highest family income group, 34.7% of the deaths in 1982 and 42.2% in 1993 would have been prevented. Birthweight ranked second in both cohorts, with etiologic fractions of 6.7% and 9.6%, respectively. Table 5 shows the analyses using year of birth as an exposure variable. The crude odds ratio for infant mortality in the 1993 cohort compared to the 1982 cohort was 0.58, corresponding to a reduction in infant mortality ratio from 36 to 21 per 1 000. Had family and maternal variables remained unchanged between 1982 and 1993, the decline would have been smaller (OR of 0.70, corresponding to an infant mortality ratio of 25 per 1 000); because these characteristics improved during the study interval, they accounted for part of the reduction. However, characteristics of the newborns, particularly birthweight and gestational age, worsened during the period, and had these remained constant the predicted drop in mortality would have been even greater, from 36 to 15 per 1 000 (last row in Table 5 ).
DISCUSSION
Comparison of the data from two population-based birth cohorts in Southern Brazil showed that the crude infant mortality rate declined by 41% between 1982 and 1993. Low birthweight, poverty, high parity, preterm delivery and IUGR were the main risk factors for infant mortality in both cohorts. There are two possible explanations for this decline: either there were important reductions in risk factor prevalence, or survival rates within each risk factor category improved for other reasons.
In terms of changes in familyrelated factors, there were significant The effect of each variable on the outcome was adjusted for all variables in the same level or the preceding level in the hierarchical model with a P value less than 0.20. The exception was maternal weight gain during pregnancy, which was also adjusted for gestational age.
improvements during the study period in terms of family income (Table 1 ) but socioeconomic inequities persisted over time. In both cohorts, the infant mortality ratio among the poorest groups was more than six times as large as among children born to the wealthiest families. These differentials have been described previously (12) . Several maternal characteristics also improved during the study period, e.g., pregestational weight, height, weight gain during pregnancy, birth interval, and smoking. However, three other factors that are traditionally associated with infant mortality increased in prevalence: the proportion of adolescent mothers, of high-parity women, and of those with nonwhite skin color. All three factors are associated with poverty, which is an important risk factor per se for infant mortality. After adjustment for socioeconomic level, the effect of these three variables on infant mortality was minimized. The crude difference between white and nonwhite mothers in terms of child survival (Table 2 ) was much larger than the adjusted difference (Table 3) . Maternal age showed a Ushaped association with child survival, with younger and older mothers at higher risk of losing their children (13) . The increased risk of adolescent mothers in 1982 disappeared in the adjusted analysis, showing that the crude effect was due to confounding by socioeconomic variables. On the other hand, the increased risk of infant mortality for infants born to older mothers persisted after adjustment.
Overall, most changes in family and maternal risk factors during the study period were favorable. However, we noted some ominous changes in certain newborn-related characteristics. Low birthweight, a major risk factor for infant mortality (14) , increased slightly from 9.0% to 9.8%, while mean birthweight declined by 30 g. There was a substantial increase in preterm deliveries from 6.3% to 10.8%, and the proportion of infants with IUGR also increased from 14.8% to 16.7%. As noted, the figures for these last two variables should be interpreted with caution because of the high proportion of cases in which information on gestational age was missing. Because the increase in preterm deliveries was so marked, it is unlikely to be explained by reporting error. Moreover, the small increase in the prevalence of IUGR may not be real. The reductions in birthweight and in gestational age in Pelotas were probably due to changes in the use of medical interventions to terminate pregnancy, or to an increase in maternal risk factors for premature delivery. Because maternal risk factors did not increase markedly in Pelotas (7), medical interventions were probably responsible for these negative changes in birthweight and preterm delivery. This issue has been discussed elsewhere (7) .
In addition to changes in family, maternal and newborn characteristics, infant mortality is also affected by variations in survival rates within each category of risk factor. Table 2 shows that there were impressive declines in infant mortality in nearly all risk categories, except for children born to mothers aged 35 years or more, and for those whose mothers gained 15 kg or more during pregnancy. The reasons for these discrepant results are unclear, and we cannot rule out the possibility of chance findings due to multiple comparisons.
A formal way of examining the role of changes in risk factor distributions and improved survival within risk factor categories is to examine how much mortality would be reduced had the frequency of risk factors remained constant between 1982 and 1993. This analysis, presented in Table 5 , shows that the crude infant mortality rate decreased from 36 to 21 per 1 000 during the period we studied. Had family and maternal factors remained unchanged, the decline would be less marked, from 36 to 25. However, the decline would have been even greater (resulting in an infant mortality rate of 15 per 1 000 in 1993) if birthweight had not declined and preterm deliveries had not increased.
In the 1982 cohort, information on environmental risk factors for post- These findings support the hypothesis that changes in infant health care, rather than risk factor distribution, were responsible for most of the observed reduction in infant mortality.
In a previous publication we described changes in cause-specific mortality rates (15) . Infant mortality due to perinatal causes decreased from 15.4 to 11.1 per 1 000 (a 28% decrease) between 1982 and 1993, while deaths due to congenital malformations remained stable (4.5 and 4.8 per 1 000). On the other hand, mortality due to infectious diseases fell dramatically from 11.4 to 3.2 per 1 000 (a 72% decrease). The decrease in deaths from poorly-defined causes-from 4.0 to 1.1 per 1 000 (73% reduction)-was also notable. These findings are consistent with improvements observed in Pelotas in health care and in the coverage of preventive interventions in 1993 (16) . For example, there were no neonatal intensive care units in the city in 1982, but by 1993 three neonatal intensive care units had been created. In the late 1980s a national health system was created in Brazil, which led to improved access to health care for the whole population (17) . Specifically, several positive changes occurred in Pelotas after the creation of the Sistema Único de Saúde (Unified Health System). Virtually all pregnant women received some antenatal care: the mean number of antenatal care consultations rose to 7.7 per mother in 1993, and the proportion of births attended by obstetricians and pediatricians rose significantly between 1982 and 1993 (7).
In conclusion, our analysis of two population-based birth cohorts suggests that the reduction in mortality in 1993 compared to 1982 cannot be ascribed to improvements in general social conditions or reductions in the prevalence of risk factors, but is more likely the result, in large part, of improved access to and coverage for health services.
Objetivos. Comparar dos cohortes de nacimiento tomadas de la población en general a fin de evaluar las tendencias observadas en las tasas de mortalidad de menores de un año y la distribución de los factores de riesgo asociados con ella, así como los cambios sufridos por ambas cosas al cabo de un período de 11 años. Métodos. Se analizaron los datos procedentes de dos cohortes de nacimiento prospectivas (1982 y 1993) tomadas de la población en general. En ambos estudios se abarcó a todos los niños que nacieron en hospitales (>99% de todos los nacidos) en la ciudad de Pelotas, en el sur del Brasil. La mortalidad de menores de un año se monitoreó mediante una vigilancia de todos los hospitales de maternidad, registros de defunción y cementerios. Resultados. Los niños que nacieron vivos fueron 5 914 en 1982 y 5 249 en 1993.La tasa de mortalidad de menores de un año se redujo en 41%, es decir, de 36,0 por cada 1 000 nacidos vivos en 1982 a 21,1 por cada 1 000 nacidos vivos en 1993. Los factores socioeconómicos y maternos mostraron una tendencia a mejorar a lo largo del período de estudio, pero se observaron cambios desfavorables en el peso al nacer y en la edad gestacional. La pobreza, la paridad elevada, el peso bajo al nacer, el parto prematuro y la restricción del crecimiento intrauterino fueron los principales factores de riesgo de muerte en menores de un año en ambas cohortes. La reducción de 41% en la mortalidad de menores de un año que se observó entre 1982 y 1993 habría sido aun más marcada si la prevalencia de los factores de riesgo se hubiera mantenido constante durante el período estudiado. Conclusiones. Se produjeron reducciones muy notables de la mortalidad de menores de un año que no obedecieron a cambios en los factores de riesgo examinados. En vista de que no se observó ninguna reducción de las grandes desigualdades sociales documentadas en la cohorte de 1982, es muy probable que el descenso de la mortalidad de menores de un año haya sido en gran medida consecuencia de mejoras en la atención de salud.
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RESUMEN
La mortalidad de menores de un año en Pelotas, Brasil: comparación de factores de riesgo en dos cohortes de nacimiento
